This paper reviews 88 patients (74 males and 14 females) who underwent anterior decompression and fusion for symptomatic ossified posterior longitudinal ligament of the cervical spine. Follow up averaged 8.5 years. Eighteen patients underwent one-vertebra, 59 two-vertebra, and 11 three-vertebra decompression with interbody fusion. The preoperative severity of symptoms significantly affected neurological recovery. Patients with three-verte bra spondylectomy showed significantly little neurological improvement. The return of patients to their previous activities as monitored at follow up was related to their preoperative neurological status. MRI findings appeared to be relevant to neurological recovery. Our findings suggest that anterior decompression is to be recommended for patients with less advanced preoperative symptoms and the involvement of one or two vertebrae.
Introduction
Symptoms secondary to ossification of the posterior longitudinal ligament (OPLL) of the cervical spine vary,1-12 and patients whose symptoms progress require OPLL resection through an anterior cervical fusion (ACF) or a posterior decompression, or occasionally both. The procedure to be used has been discussed, 13 -1 7 but the choice should be based on the advantages and disadvantages for the individual patient. OPLL resec tion using ACF effectively relieves neurological symp toms, but the patient's overall condition may worsen despite carrying out this procedure. Due to questions about the factors affecting surgical timing and ade quacy, a long term follow up study was made of patients who had undergone ACF for cervical OPLL, and its surgical advantages over other reported oper ated results are discussed.
Patients and methods

Patients and diagnostic issues
Between 1977 and 1992, 114 patients with symptomatic cervical OPLL underwent ACF at Fukui Medical School and the Kanazawa University School of Medi cine. Of these, 24 were excluded from this study: nine had changed their residence or refused reexamination, eight had died, four had pseudoarthrosis, and three were ineligible due to other coexisting neurological disease. The remaining 88 (74 men and 14 women) were studied with a minimum 2-year follow up ranging from 2 to 14 years and averaging 8.5. The patients were aged 34 to 73, and averaged 47 years of age at the time of surgery. The history ranged from 0.2 to 12 years, averaging 2.4 years. None had any major presurgical traumatic spinal cord injury associated with cervical OPLL. ACF was not indicated for subjects with complete spinal cord injury due to OPLL. All ACF was performed by one or two of the authors (HB and/or KT), using the same surgical technique; neurological results were assessed by two others (NF and QC) at final follow up.
Indications for ACF were distinct evidence of symp toms and signs of myeloradiculopathy secondary to cervical OPLL. We used the Japanese Orthopaedic Association (JOA) scoring system for cervical myelo pathy in neurological assessment (Table 1) 18 and results were evaluated by the neurological improvement rate determined as follows: (postoperative score -pre operative score )/(17 -preoperative score) x 100%. Patients were placed before surgery into one of three groups: severe (group A, JOA score � 5 points), moderate (group B, JOA score 6-12 points), or mild (group C, JOA score � 13 points). The postsurgical neurological status was classifed as excellent (improve ment rate � 75%), good (50-74%), fair (25-49%), or poor (� 24% ). Daily activities were assessed based on criteria (Table II) that we modified and simplifed from those described by Harsh et al: 19 completely dependent on others (grade 1), severely impaired (grade 2), moderately impaired (grade 3), minimally impaired (grade 4), or not functionally impaired (grade 5).
OPLL radiology routinely involved plain lateral radiography, tomography, and computed tomography myelography (GE CT/T 8800, General Electric, Mil waukee, WI, USA). Magnetic resonance imaging (MRI) was carried out for some patients, using a GE 1.5 Tesla Signa System (General Electric, Milwaukee, WI, USA) with a standard surface coil. At levels suspected to be responsible for surgically treated myelopathy in 24 patients followed up from 2 to 6.3 years for an average of 3.5 years, MRI spine-echos image were assessed before surgery and at final follow up. Signal changes in Tl-weighted MRI (TR 600 ms, TE 120 ms) were classifed as normal, slightly high, very high, or cyst-formative. To examine the relationship between changes in the MRI signal at the latest follow up and spinal canal compromise, the preoperative stenosis ratio (%) in a lateral radiograph was deter mined in each patient as the anteroposterior diameter of the OPLL to the diameter of the spinal canal in the sagittal plane and expressed as a mean ± standard deviation. In addition, other factors affecting changes in the MRI signal, such as the duration of the disease, follow up and the levels of decompression and fusion, were analyzed. A X2 test was used for the neurological examination and Student's t test for MRI assessment, with p < 0.05 viewed as being significant.
Anterior decompression and cervical fu sion
A standard left-side anterolateral approach was used for all of the patients. Portions anterior to the involved vertebrae were resected in the usual way together with the intervertebral discs: and the posterior cortices were thinly shaved, an operating microscope often being used (OPM 16CFC, Carl-Zeiss, Germany). Then the nonossified portions of the posterior longitudinal liga ment were exposed laterally, cranially, and distally. Most OPLL lesions develop medially to centrolater ally.2 0 ,21 Thus, the lateral portions of the ligament are adequate and safe in reaching the anterior epidural space followed by exposure of the dura mater; vertebra resection 1.5 cm wide is usually sufficient (Fig 1) . The proximal and distal ends of the OPLL lesion are then identified, followed by exposure of the dura mater; thus the lesion is isolated and 'floats' on the dura mater. With a microsurgical technique, the OPLL lesion was slightly suspended anteriorly with a fine-tipped hook and nonossifed portions of the ligament were removed with a micro-Kerrison rongeur (Eagle, Tokyo, Japan, or Aesculap, Tuttlingen, Germany). Because the pos terior margin of the OPLL lesion may adhere slightly to the dura mater, blunt dissection pulling the lesion anteriorly with a microraspatorium (Aesculap, Tutt lingen, Germany) is required. In most cases, however, the OPLL lesion was removed easily if the lateral and longitudinal parts of nonossified portions of the pos terior longitudinal ligament were resected. Then, using a high-speed steel burr, anchor holes are made in the centre of the ends of the cranial and caudal vertebrae; the use of a diamond burr should be avoided because it produces heat injury in the cancerous graft beds that may lead to a possible risk in the delay of bony union. tricortical iliac graft anteriorly or posteriorly. A Caspar vertrebral spreader (Aesculap, Tuttlingen, Germany) permits safe distraction and extension of the space for the graft to be inserted. The dural pulsation must be observed carefully to ensure that is does not disappear during distraction; 5-8 mm of distraction is usually safe and sufficient for the introduction of the graft. It should be noted that the distance of the distraction depends partly on the degree of narrowing of the resected disc space(s). The iliac graft is inserted into the space and tapped gently, and then is firmly seated following the release of the distraction of the device (Fig 2) . No major surgery-related complications affecting the neurological outcome were seen in the any of our patients. A sternal-occipital-mandibular immobilizer (SOMI) brace was employed for about 3-4 months postoperatively, and was discontinued when radio graphy revealed solid bony union. Eighteen patients underwent one-vertebra spondylectomy with fusion, 59 two-vertebra spondylectomy, and 11 three-vertebra spondylectomy. The levels decompressed and fused are shown in Figure 3 . Most were operated on for C5 and C6 lesions. The length of time for solid bony union varied with bone length and quality, ranging from 12 to 25 weeks and averaging 19 weeks. 
Results
Neurological outcome
Preoperative and postoperative neurological improve ments are compared in Table III . About 58% (5 1/88) of the patients showed moderate neurological symp toms (group B). In group A, 14 of 18 required multilevel spondylectomy; patients in groups B and C mostly underwent spondylectomy of two levels or less. The average neurological improvement rate in group A at the final follow up was significantly lower than for others (p < 0.01). Preoperative lOA scores in patients undergoing spondylectomy involving one or two verte brae averaged 8.4 ± 2.2 points and, in three-vertebra resection, 7.3 ± 3.3 points. Patients with one-or two-vertebra spondylectomy with fusion averaged a 73.4% improvement at final follow up, while those with three-vertebra spondylectomy averaged 33.9%, signifi cantly worse (p < 0.01). Table IV shows signal changes in the spinal cord at the decompressed levels and corresponding data on pa tients. In group A, none showed normal images at Number of levels operated Figure 3 Vertebrae levels in subtotal spondylectomy.
Signal changes in MRI
follow up, although two more patients had improved findings that placed them in a slightly higher category. The average improvement in patients classified as group A was significantly poor. Group B patients showed a noticeable improvement according to MRI, where six with preoperative signals assessed as slightly high and very high demonstrated normal findings at follow up. Patients in group C showed almost similar findings before surgery and at follow up. No significant difference among these groups was noted in other relevant issues.
Improvement in daily living levels
In daily activities postoperatively and at final follow up (Figs 4 and 5), five patients in group A rated grade 1 or 2 preoperatively had, at follow up, improved to grade 3 but none up to grade 4 or 5. In groups B and C, about two thirds of the patients improved at least one grade. Group A patients showed rather less improvement.
Discussion
Anterior decompression with interbody fusion is ideal for cervical OPLL myeloradiculopathy and can be superior to posterior decompression. It is essential in eliminating OPLL lesions developing anteriorly to the with fusion up to the C3 vertebra to avoid superior progression of the ossified lesion, but, based on our long term radiographic observations after multiple level ACF, mobile interspace that does not appear to be responsible for symptoms should not be included in the fused area if subsequent mechancial overloads causing clinical instability and recurrence are to be avoided. The multiple-level ACF and three-vertebra Group C Figure 5 Daily living levels at follow up.
resection we studied resulted in unfavourable improve ment,33 possibly attributable to prolonged operation time with unintended continuing anterior compression of the spinal cord. Extended ACF followed by longer bone graft in overdistraction may also cause a poorer outcome. From a spinal-cord-evoked potentials study,34 -37 we found that the spinal levels truly respons ible for myeloradiculopathy were mostly limited to one or two levels, even where the OPLL lesion involved three or more vertebrae. Thus, excluding ACF involv ing three or more vertebrae, the range of decompres sion appears to be limited at the most to two-vertebra spondylectomy. If decompression involving more than three vertebra levels is required, based on an evoked potentials study, an alternative posterior procedure should be considered. Of course, where extensive laminectomy38 results In a loss of posterior spine stability leading to possible future recurrence in mechanical damage, laminoplasty should be done. In general, posterior laminoplasty, rather than ACF, is recommended for older patients having more risk factors and showing multiple levels and more extensive OPLL involvement. A longer duration of disease history and advanced paresis may be associated with irreversible spinal cord damage. MRI helps to detect spinal cord damage early ,3 9-41 producing images of conditions, such as myelomalacia, contributing to poor prognosis. Post surgical improvement is significantly affected by pre operative neurological status and, thus, repeated MRI is extremely important when observing asymptomatic OPLL patients. Neurological symptoms are often obscured In elderly patients, for example, and, if marked spinal cord compression is seen on MRI in such a case, earlier surgical intervention should be con sidered before the spinal cord becomes irreversibly damaged. In ACF attempted in patients with moderate to mild symptoms, as Sakou et al42 noted and as we observed, the surgical outcome is superior to that by laminoplasty. Because the number of subjects exam ined by MRI is limited in the current study and only Tl-weighted images were assessed, we could not reach any conclusion on the prognostic value of preoperative MRI; patients with better improvement, however, appeared to show a normal signal intensity at follow up.
In conclusion, we suggest that ACF warrants satisfac tory neurological improvement and offers a better opportunity for improved postoperative daily activities when done earlier in the disease, resulting in the best possible long term palliation. If, however, the lesion involves more than three vertebrae, posterior decom pression with extensive laminoplasty is a better alter native therapy.
